INTRODUCTION
If an engineer is to install an 'advanced' exchange, it must have obvious advantages over the standard shell and tube unit. The three areas of interest here are reliability, safety, and cost. Heat transfer enhancement devices are commonly employed to improve the performance of already existing heat exchangers, or to reduce the size and cost of a proposed heat exchanger. An alternative goal is to use such techniques to increase the system's thermodynamic efficiency, which facilitates reduction in cost. Enhancement Techniques [1] can basically be classified as passive and active techniques. The latter requires extra external power sources like, mechanical aids, surface fluid vibration, injection and suction of the fluid, jet impingement, and use of electrostatic fields. The former use surface modification or an additional device incorporated into the channel. These methods do not require any direct application of external power. Typical examples of passive augmentation techniques are surface roughness, displaced promoters, and vortex generators. Surface roughness has been used to reduce the thickness of the boundary layer [2] close to the surface. This enables better fluid mixing. Displaced promoters include inserts that alter the flow mechanism near the surface by disturbing the core flow. The vortex can be created through coiled wires, stationary propellers, or twisted tapes. The enhancement of a single phase flow is important because back flow usually represents the dominant thermal resistance in a two fluid heat exchanger, especially if it is a gas, as compared to a liquid.
Due to the many variables involved [8] , selecting optimal heat exchangers is challenging. Hand calculations are possible, but much iteration is typically needed. As such, heat exchangers are most often selected via computer programs, either by system designers, who are typically engineered, or by equipment vendors. In order to select an appropriate heat exchanger, the system designers (or equipment vendors) would firstly consider the design limitations for each heat exchanger type. Although cost is often the first criterion evaluated, there are several other important selection criteria which include High/ Low pressure limits, Thermal Performance, Temperature ranges, Product Mix (liquid/liquid, particulates or high-solids, liquid), Pressure Drops across the exchange, Fluid flow capacity, Clean ability, maintenance and repair, Materials required for construction, Ability and ease of future expansion. Choosing the right heat exchanger (HX) requires some knowledge of the different heat exchanger types, as well as the environment in which the unit must operate. Typically in the manufacturing industry, several differing types of heat exchangers are used for just the one process or system to derive the final product. For example, a kettle HX for pre-heating, a double pipe HX for the 'carrier'
fluid and a plate and frame HX for final cooling. With sufficient knowledge of heat exchange types and operating requirements, an appropriate selection can be made to optimize the process.
During the present experiment, the annulus surface was assumed to be at a constant temperature throughout, which is approximated to be the average of the inlet and outlet temperature of the hot fluid (annulus fluid). The main objectives of the work include estimation of heat transfer and friction factor in double U-bend heat exchanger, comparison of the heat transfer and friction factor for counter flow and parallel flow in the double pipe U-bend heat exchanger, understanding the effect of twisted tape insert inside the flow for heat transfer augmentation and friction factor, comparison of the heat transfer with and without twisted tape inserts.
EXPERIMENTAL SETUP AND OPERATIONAL PROCEDURE Experimental Setup

Figure 1: Plain U-Bend Double Pipe Heat Exchanger
The experimental test section consists of a shell and tube type heat exchanger with inlet and outlet passages at the end of the core and shell with six thermocouple provisions at the inlet and outlet of core and shell, respectively. An arrangement is provided at the end of the core to insert longitudinal and twisted tapes. The core pipe is about 19mm in diameter, 1mm thick and made of stainless steel. The shell is of around 1.5 inch diameter, and 1mm thick, made of galvanized iron. The height of the test section is 0.35m, the length of the core and shell are so managed that the effective developed flow, so that during the flow entire cross section of the pipes should be filled
Annulus Fluid Circuit
The elements of the annulus fluid circuit include section.
Figure
Water in the tank is initially heated to around 85 to 90 the test section through fiber reinforced PVC pipes to the test section. A bypass valve arrangement is provided the required amount of fluid enters the test section and the rest is depo the test section is again re-circulated into the tank temperature drop during the flow through the shell is compensated to some ex auxiliary heaters so that the fluid in the tank is always maintained at a constant temperature throughout the experiment. The fluid employed here in the experiment is pure water as the properties of raw water always An asbestos rope is wound throughout the heat transfer path fluid.
Core Fluid Circuit
The elements of the core fluid circuit include and Test section of 1 liter capacity is made use of for measuring the mass flow rate through the core and shell, and the time taken to collecting of 1 liter of the fluid is noted down by using a stop watch.
Experimental Fabrication
A stainless steel tube is taken and bent into a U shape to the required size and shape. The annulus pipe is arranged at the upper and lower section of the stainless steel tube. Brazing is made at both ends of upper and lower ends of the pipe.
Six thermocouples are placed, four at the ends of both the pipes and rest two in the middle of the Annulus pipe. The After completing the experiment with plain heat exchangers, the longitudinal strip was inserted into both the straight legs of the u-tube and above procedure was repeated for different flow rates of cold fluid.
After completing the experiment with longitudinal strip inserts, the strip is removed from the tube and half length twisted tape was inserted into both the straight legs of the u-tube, and the above procedure was repeated for different flow rates of cold fluid.
After completing the experiment, the range of values of various parameters in the present investigation was considered for finding the heat transfer rate. First, the heat input is calculated by different flow rates and temperature difference. The average wall temperature and the bulk mean temperature were combined with heat flux to get Nusselt Number [10] (Nu), all the fluid properties are evaluated at the mean film temperature. Pressure drop data is calculated under isothermal condition.
Assumptions
Fin effect is neglected, Pressure gradient is assumed as constant, the constant volume flow rate of hot water, a closed loop system of hot water flow.
Precautions
The experiment is done by the circulation of water (properties dependent), mass flow rate is maintained constant for accurate results, An error analysis before the start of the experiment will prevent the errors generally found due to Figure 8 shows the heat transfer coefficient between the counter and parall transfer in case of counter flow is higher than that of parallel flow for a given Reynolds number. This is because the LMTD [10] for a counter flow heat exchange is more than that given heat transfer rate. 
Comparison of Heat Transfer Coefficient between Counter
Flow and Parallel Flow Heat Exchangers on h between Counter Flow and Parallel Flow Heat Exchanger
shows the heat transfer coefficient between the counter and parallel flow. The rate of increase of the heat transfer in case of counter flow is higher than that of parallel flow for a given Reynolds number. This is because the LMTD is more than that of a parallel arrangement flow in the same temperature field for a can be seen that friction factor decreases with increase in Reynolds number. The friction factor depends not only on Reynold's number, but also on the roughness of the pipe surface. The friction factor is imum for a smooth surface and increases with increasing roughness. Reynold's number is a function of velocity.
decreases with an increase in velocity.
Comparision of h for different ARs 1,2,3 and 12.33 the heat transfer coefficient for different aspect ratios, and it is observed that is higher for lower values of aspect ratios as shown in Figure 17 . Increase in aspect ratio leads to a n hydraulic diameter, which in turn increases the velocity, therefore resulting in an increase in the Reynolds's number. This leads to an increase in heat transfer with a decrease in aspect ratio. seen that friction factor decreases with increase in Reynolds number. The of the pipe surface. The friction factor is imum for a smooth surface and increases with increasing roughness. Reynold's number is a function of velocity.
and it is observed that the Increase in aspect ratio leads to a n hydraulic diameter, which in turn increases the velocity, therefore resulting in an increase in the Reynolds's 
Figure 18
A comparison study is made in the heat exchanger with and without coefficient are obtained in the heat exchanger with strips as compared to the case Figure 18 . number. This is due to the increasing in the
Figure
Here in Figure 23 it has been observed that the the friction factor decreases while the Reynolds number increases.
This is due to the friction factor, a function of velocity coming in to picture when the velocity of the fluid is less.
Comparison between different Twist Ratios Figure 24
In Figure 24 the graph is drawn between the effect of heat transfer coefficient on Reynolds number for different twist ratios. It found that the less H/D ratio ratios. This is due to the Recident time of the fluid particle In figure 25 , itt is observed that the aspect ratios having 1 and 2 hav tape 6. From this, we can conclude that the strips having AR 1 and 2
CONCLUSIONS
During the experiment, the annulus surface was assumed to be at a constant temperature throughout, which is approximated to be the average of the inlet and outlet temperature of the hot fluid (annulus fluid). The rate of heat transfe and friction factor in the U-bend heat exchanger is 9005 J/s and 0.079 in Reynolds number, and friction factor decreases with increase in Reynolds number.
rate of increase of the heat transfer coefficient in case of counter flow is higher than that of parallel flow.
transfer for the heat exchanger with longitudinal strips is 12% more than that of without twisted tape inserts inside a flow in U-Bend heat exchanger is 0.050 twisted tapes is 15% more than that of without tapes. Our experiment is with twisted tapes of different twist ratios, from our results it is found that the tape having H/D 15, 20. This is due the increase of the resident time of the fluid particle and turbulence. During the experiment, the annulus surface was assumed to be at a constant temperature throughout, which is approximated to be the average of the inlet and outlet temperature of the hot fluid (annulus fluid). The rate of heat transfe bend heat exchanger is 9005 J/s and 0.079. The heat transfer coefficient increases with increase in Reynolds number, and friction factor decreases with increase in Reynolds number. For a given Reynolds number, the er coefficient in case of counter flow is higher than that of parallel flow.
transfer for the heat exchanger with longitudinal strips is 12% more than that of without strips. The friction factor with Bend heat exchanger is 0.050. The rate of heat transfer for the heat exchanger with twisted tapes is 15% more than that of without tapes. Our experiment is with twisted tapes of different twist ratios, from our results it is found that the tape having H/D ratio 6 having a high heat transfer coefficient than the tapes of H/D ratios 10, 15, 20. This is due the increase of the resident time of the fluid particle and turbulence. During the experiment, the annulus surface was assumed to be at a constant temperature throughout, which is approximated to be the average of the inlet and outlet temperature of the hot fluid (annulus fluid). The rate of heat transfer
The heat transfer coefficient increases with increase
For a given Reynolds number, the er coefficient in case of counter flow is higher than that of parallel flow. The rate of heat
The friction factor with
The rate of heat transfer for the heat exchanger with twisted tapes is 15% more than that of without tapes. Our experiment is with twisted tapes of different twist ratios, from than the tapes of H/D ratios 10, 
